spring freezes poses the hazard of crop reduction (Byers et al., 1984; Hoffman et al., 1945) . Further, hand thinning later in the season allows for selection of larger fruit, removal of deformed fruit, and more even spacing (Byers, 1989; Weinberger, 1941) .
Hand removal of fruit, traditionally accomplished near the pit hardening stage of fruit development, remains the most common thinning practice. Thinning is a labor-intensive and expensive practice in peach culture (Byers, 1989; Byers et al., 1984; Murneek, 1944) although necessary, since failure to thin limits tree reserves that would otherwise be used for optimum fruit and shoot development and flower bud differentiation.
Attempts to chemically thin peach trees have been characterized by inconsistency, phytotoxicity, and lack of chemical industry pursuit of commercialization (Batjer et al., 1943; Byers, 1988; Byers et al., 1983) . Desiccating agents have been used for flower thinning of peach trees (Byers et al., 1983) ; and one desiccating compound, 1-aminomethanamide dihydrogen tetraoxosulfate (AMADS) (Entek Corp., Brea, Calif.), has been registered by EPA for flower thinning of peach trees (Myers et al., 1993) .
In considering both benefits and risks of flower thinning, partial flower thinning followed by additional adjustment thinning by hand at the pit hardening stage has been proposed as a potential strategy for dealing with risks such as variable thinning, natural fruit set, damage from spring frost, or damage caused to fruit by insects or disease (Byers et al., 1984; Weinberger, 1941) . The effects of partial flower thinning followed by adjustment thinning by hand during the post-bloom period has not been reported.
The objectives of these studies were to: 1) evaluate the effect of partial thinning of flowers by hand (50% of the standard degree of thinning) and additional hand adjustment thinning performed at the pit hardening stage [42 d after full bloom (DAFB)] on fruit size, shoot growth, and flower bud formation in comparison with a similar total level of hand thinning accomplished entirely at 42 DAFB; and 2) establish a level of chemical thinning that would approximate the level of thinning attained during bloom in the previous experiment with additional hand thinning at 42 DAFB.
Materials and Methods
Expt. 1. Three scaffold limbs of similar vigor and size were selected and tagged on each of 12 irrigated, mature 'Redhaven' peach trees in Daleville, Va. The experiment was designed as a randomized complete block, with six treatments applied to tagged limbs in each of six, 2-tree blocks.
The following thinning treatments were applied to designated limbs at random: flowers or fruitlets remained unthinned, or were thinned at full bloom (0), 14 DAFB, 28 DAFB, 42 DAFB, or 56 DAFB. Treatments at 0 DAFB, 14 DAFB, or 28 DAFB were initially thinned to ≈6.5 cm apart followed by addi-The relationship between larger fruit size and overall crop value is well-established in peach (Byers, 1989; Gardner et al., 1928) . Fruit size is linearly correlated with fruit number per tree (Dorsey et al., 1926; Gardner et al., 1928) . Increasing leaf area relative to fruit number results in larger fruit size (Weinberger, 1931) , presumably as a result of the relative increase in assimilates available to fruit and shoots.
Responses to flower or fruit thinning, which effectively increases the leaf : fruit ratio, is well documented (Farley, 1923; Murneek et al., 1944; Weinberger, 1941) and include increased current season's shoot growth and flower bud formation Havis, 1962; Hoffman et al., 1945; Myers, 1986; Tukey et al., 1939) . Shoot length has been positively correlated with flower bud formation, fruit set, and fruit size (Corelli et al., 1991; Feucht, 1955) .
The comparative advantage that flower or fruit thinning imparts to fruit, shoot, and flower development is influenced by thinning severity (Farley, 1923) and thinning time (Havis, 1962; Myers, 1986; Weinberger, 1941) . Flower thinning provides the greatest response, with diminishing effect as time of thinning is delayed after flowering.
The benefits of flower thinning have long been noted (Murneek et al., 1944) , but risks include an unpredictable natural fruit set that results in fruit abscission during the postbloom period, which in conjunction with flower thinning can result in significant crop reduction (Farley, 1923; Weinberger, 1941) . Likewise, flower thinning in conjunction with late tional thinning to ≈13 cm apart at 42 DAFB. At 42 DAFB and 56 DAFB, fruit were thinned once to a spacing of ≈13 cm. All thinning treatments were performed by hand.
Fruit diameter and fresh weight were measured at harvest. Total number of shoots 3.0-8.0 cm, 8.0-20.0 cm, and >20.0 cm in length were measured during the subsequent dormant season. Distribution analysis of fruit by size and shoots by length was performed using the Pearson χ 2 test for homogeneity (Fienberg, 1977) . Total flower buds per shoot and number of flower buds on the proximal five nodes were measured on shoots 5.0-8.0 cm, 15.0-20.0 cm, and 25.0-30.0 cm in length immediately prior to bloom of the subsequent season.
Expt. 2. Three limbs per tree, ≈2.5 cm in diameter, on 20 trees of 'Golden Queen' peach were selected for uniformity of size and vigor and tagged in Havelock North, New Zealand. 'Golden Queen' is a commonly grown, clingstone peach cultivar used for processing in New Zealand and Australia. The experiment was designed as a randomized complete block with five treatments and four replications. Treatments consisted of five concentrations of AMADS: 0 (control), 7.5 mL·L . Treatments were applied with an airblast sprayer calibrated to deliver 2100 L·ha -1 when trees averaged 73% full bloom. Applications were made to multiple row plots to simulate normal airblast application to a block of trees as described previously (Myers et al., 1993) . Adjustment thinning was performed by hand at ≈6 weeks following treatment. Data were collected from the interior trees in each plot.
Limb diameters were measured, and the number of flowers or fruit on each tagged limb were counted immediately prior to treatment, 6 weeks following treatment (before adjustment thinning), and 1 week following adjustment thinning. Fruit diameter was measured 5 d following hand thinning. Total number and yield of fruit per tree were measured at harvest. A random sample of 10 fruit from each tree was collected at each of the two harvest dates, and fresh weight and diameter were measured for each fruit. These values were used to calculate average fresh weight per fruit and to determine distribution of fruit into various size categories (packout). The percentage of fruit in each size category was determined, and distribution analysis was performed using the Pearson χ 2 test of homogeneity (Fienberg, 1977) .
Results
Expt. 1. Fruit diameter measurements confirmed earlier reports (Havis, 1962) that flower thinning provides the greatest response for increasing fruit size (Table 1) . Likewise, partial flower thinning followed by adjustment thinning at 42 DAFB (0 + 42) increased fruit size compared to a similar level of thinning accomplished entirely at 42 DAFB. Even delaying the initial thinning to 14 DAFB (14 + 42) was not as beneficial as earlier thinning in increasing fruit size. With fruit (Fienberg, 1977) . number constant (data not presented), partial flower thinning increased the percentage of fruit in the larger fruit size categories. As such, presumably the overall crop value would be enhanced (Byers, 1989; Gardner, 1928) . Thinning did not alter shoot number per limb as determined at the end of the season following treatment (Table 2) . Among all thinning treatments, early thinning increased shoot length. The percentage of long shoots (≥20.0 cm) was increased and the percentage of shoots ≤8.0 cm in length was decreased. In comparing partial flower thinning (0 + 42) to thinning only at 42 DAFB, partial flower thinning (0 + 42) increased shoot growth (P = 0.1850), with the difference being primarily in the percentage of short shoots. Leaf area is strongly correlated with shoot length (Rieger et al., 1994) ; thus, because thinning increased shoot length, the leaf to fruit ratio over the season was increased. The effect of flower thinning on leaf development may have an influence on flower bud formation and fruit size (Murneek et al., 1944) . Feucht (1955) and Corelli et al. (1991) have positively correlated flower bud formation, fruit set, and fruit size with shoot length.
Among thinning treatments, time of thinning was associated with flower bud number per shoot, per node, and on the proximal five nodes for shoots in all three shoot length categories (Table 3) (Spencer et al., 1975) they are less likely to be damaged from frosts which occur during the bloom period. Bloom thinning would also increase bloom density for the following season which would increase the need for flower thinning but give a larger number of flower buds to go through the winter. In addition, Byers et al. (1994) have shown that hardiness of bloom thinned trees is increased.
Expt. 2. Airblast sprayer application of AMADS was effective for providing partial thinning of peach trees, with the degree of thinning linearly related to chemical concentration (Table 4) . Fruit on flower-thinned trees were larger by adjustment thinning time.
As a result, all chemical thinning treatments increased fruit size at harvest, largely as a result of earlier fruit number reduction per tree than by hand thinning (Table 5) . With the exception of the 7.5 mL·L -1 rate, all chemical thinning treatments reduced total yield compared to trees conventionally thinned by hand during the post-bloom period. All levels of chemical flower thinning increased the percentage of fruit in the larger fruit size categories (Table 6 ).
Discussion
Given current economic pressures to increase fruit size, it is critical to exploit the potential size benefit derived from bloom thinning. However, bloom thinning strategies must take into account the risks of unpredictable fruit set during the post-bloom period. Our research demonstrates that a viable strategy is to perform a partial bloom thinning during the bloom period, and, once set is determined, adjust crop load to the desired level.
Partial flower thinning of peach at bloom followed by adjustment thinning at 42 DAFB was superior to a similar amount of more traditional thinning accomplished entirely at 42 DAFB for increasing fruit size, leaf and shoot development, and flower bud formation. This study documents that this previously proposed thinning strategy (Byers et al., 1984; Weinberger, 1941) provides the desired benefits while providing for flexibility to manage certain risks such as variable fruit set and late spring freezes. In addition, partial flower thinning can be accomplished by chemical means, in this case by airblast application of AMADS. At the 7.5 mL·L -1 rate, AMADS was effective to achieve partial thinning of flowers, increase fruit size without decreasing total yield, and increase flower (Fienberg, 1977) . Table 3 . Flower bud development on shoots of varying lengths relative to thinning time of 'Redhaven' peach z Virginia.
Flower buds/shoot Flower buds/node Flower buds/prox. 5 nodes Treatment 5. 1-7.6 cm 15.2-20.3 cm 25.4-30.5 cm 5.1-7.6 cm 15.2-20.3 cm 25.4-30.5 cm 5.1-7.6 cm 15.2-20.3 cm 25.4-30.5 bud formation. The specific rate may vary from site-to-site and year-to-year.
The economic benefit of thinning on increased fruit size is derived from a higher price received for larger fruit, assuming yield is not decreased. If the increase in size of individual fruit is accompanied by a decrease in number or fresh weight of fruit harvested, the benefit then depends on the difference in value of the various fruit size grades and the extent to which yield is sacrificed (Farley, 1923; Gardner, 1928) . Based on the commer- Pre-thinning measurements taken immediately prior to treatment; reference date measurements taken 6 weeks after treatment and prior to adjustment thinning; post-adjustment thinning measurements taken 7 weeks after treatment.
x Average diameter of all fruit remaining on tagged limbs as measured 5 d after adjustment thinning.
cial price structure for processing peach fruit in the year data were collected, $0.55 (NZ) per kilogram was paid for fruit larger than 64.0 mm in diameter while $0.35 (NZ) per kilogram was paid for fruit 57.0-64.0 mm in diameter (S. Tustin, personal communication). Thus, the increase in fruit size evident in the 7.5 mL·L -1 treatment did increase crop value because total yield was not decreased. In the other thinning treatments, the increased value of fruit of larger size may have been offset by the decrease in total yield.
In summary, partial flower thinning is a cultural practice that has the potential to provide economic benefits in peach production. However, the ultimate application must be determined for specific areas or cultivars, price structures for given fruit sizes, economic yields required, potential for dormant and spring freezes, thinning costs, and labor availability.
